Adoption of any new technology in an organization is a crucial decision as it can have its impact at technical, economical, and organizational level. One of such decisions is related to adoption of Cloud-based services in an organization. Cloud Computing provides elastic resources as per the demand and provides the facility to pay as per the use. Thus, it is changing the way IT infrastructure is used today with huge benefit of cost savings. However, if the solution adopted by an organization is not fulfilling the requirements, it can have tremendous negative consequences at technical, economical, and organizational level. Therefore, the decision to adopt Cloud-based services should be based on a methodology that supports a wide array of criteria for evaluating the available alternatives. Also, as these criteria or factors can be mutually interdependent and conflicting, a trade-offs-based methodology is needed to make such decisions. This paper, therefore, discusses the design, implementation, and evaluation of the prototype developed for automating the theoretical methodology of Trade-offs based Methodology for Adoption of Cloud-based Services (TrAdeCIS) developed in (Garg and Stiller, 2014) . This system is based on Multi-attribute Decision Algorithms (MADA), which selects the best alternative, based on the priorities of criteria of decision maker. In addition the applicability of this methodology to the adoption of cloud-based services in an organization is validated with several use-cases towards the end of the paper. Furthermore, the extendibility of this system to other domains is being evaluated with respect to Train Operating Companies, who wish to find out the best alternative of providing Internet connectivity and voice calls on-board trains.
INTRODUCTION
Traditional IT (Information Technology) aligns resources according to applications in order to fulfill their business requirements. Each application has its own dedicated infrastructure and data storage (NetApp, 2015) . For data protection and continuity of business operations, dedicated backup and recovery solutions are also deployed. As an alternative, Cloud Computing (CC) has recently emerged as a paradigm that offers its users the flexibility of scaling their computing resource usage without the concern of over or under-provisioning. CC is the result of evolution and embracement of various technologies as that of Virtualization (separating physical devises into one or more virtual devices), Service-oriented Architecture (based on loosely coupled independent services), and Utility Computing (which charges the user based on the usage instead of a fixed rate). The major benefits of cloud-based services include pay-as-yougo model, business agility and flexibility, increase in economies of scale. However, there also exist disadvantages in terms of security, privacy risk, or vendorlock in (Armburst et al., 2010) . CC has four deployment models (1) Private Cloud, (2) Public Cloud, (3) Hybrid Cloud, and (4) Community Model (Armburst et al., 2010) . CC today can be delivered as XaaS (Anything-as-Service), which includes the fundamental service models of Software-as-a-Service (SaaS), Platform-as-a-Service (PaaS), and Infrastructure-asa-Service (IaaS) and can be extended to anything such as Network-as-a-Service, Database-as-a-Service, or Communication-as-a-Service, Business-as-a-Service (Garg and Stiller, 2014) . Owing to several available options an organization has to decide various following aspects:
• Selection of Deployment Model: Each deployment model has its advantage and disadvantages; therefore, several factors have to be considered while making a decision.
• Selection of Service Model: Each service model consists of various requirements to be fulfilled both from the side of Cloud Service Provider (CSP) and the organization that plans to adopt the solution. For example, in case of PaaS, CSP pro- vides both hardware and software on which applications run, whereas, in IaaS a virtual machine is provided by CSP. For OS and middleware, organization is responsible. Therefore, here again the decision of which service model can be adopted depends on various requirements.
• Selection of Appropriate Service Package: Also, there is a variation in terms of capabilities CSP provider in numerous different packages. These packages can have different benefits or drawbacks. For example, some CSPs might offer services at low cost, however, they might then not offer backups or redundant storage of data at multiple locations. This implies that the factors influencing the decision can be dependent and mutually contradictory. Therefore, organization has to make a trade-off and make the selection based on the best match to its requirement.
Due to this wider range of decisions to be taken and selections to be made, an automated Decision Support System with industrial strength will have to make trade-off decisions, which need to show a respective detailed evaluation of alternative options. Thus, the research questions to be answered are the following:
• How can a quantified trade-off based strategy be established?
• How can such a strategy evaluate several alternatives with respect to numerous interdependent and contradictory requirements?
To address this problem of decision making while adopting Cloud-based services in an organization, the methodology TrAdeCIS was introduced (Garg and Stiller, 2014) . TrAdeCIS automates the decision process and the paper evaluates its applicability and validity not only in the context of Cloud Computing but also in the decision of adopting any new technology in an organization. The remainder of this paper is structured as follows. Section 2 discusses related work in the field of the decision analysis for adopting any technology in an organization. It also highlights existing gaps and how TrADeCIS bridges them. Section 3 presents the architecture and discusses the applicability and relevance of the algorithms used for making such a decision. Section 4 presents key functionality and tests as well as evaluates it with respect to several use cases from the domain of cloud computing. While Section 5 finally discusses the applicability and generalability of TrAdeCIS beyond the domain of cloud-based services, Section 6 concludes the paper.
RELATED WORK
Spokesperson of Gartner stated that the customers should be very careful while selecting the correct service provider, and ask them detailed questions about contractual terms (Moore, 2015) . Therefore, the decision maker has to be aware of complete requirements, their interdependencies, and conflicts in order to evaluate different CSPs. This part of the work has been done in (Garg and Stiller, 2015) . The second challenge is to develop a quantitative approach to make decision of adopting best alternative that encompasses all requirements (criteria) and their interrelations. There have been efforts in the past to make a decision whether to move the legacy infrastructure into cloud or not. (Armburst et al., 2010) and (Walker, 2009) propose two different approaches. While (Armburst et al., 2010) compares the cost of using a cloudbased service with the costs of a datacenter on an hourly basis, (Walker, 2009 ) presents an approach to compare the costs of leasing and purchasing a CPU (Central Processing Unit) over several years. Both of these approaches only consider cost as a factor, when there are multiple conflicting factors that must be considered. Also, this approach is not open to an extension to multiple quantitative factors (that can have different measurement units) and to factors that are of qualitative nature (Menzel et al., 2013) . Therefore, there is a need of methodology that encompasses multiple factors for evaluating several available alternatives. In the past MADAs have been used for the decision on outsourcing (Wang and Yang, 2007 ) that supports multiple factors. MADAs include a finite set of alternatives, and their performance in multiple criteria is identified in the beginning of the analysis. These methods can either be used to sort or classify the available alternatives. However, the current research is restricted to a number of predefined factors for taking a decision. Research so far on a cloud adoption decision process also suggests approaches such as that of Goal-oriented Requirements Engineering (GRE) ( (Beserra et al., 2012) , (Zardari and Bahsoon, 2011) ) and a quantified method using MADA (Menzel et al., 2013) , (Saripalli and Pingali, 2011) . GREbased approaches are based on a step-by-step process of fulfilling requirements of the cloud user and are qualitative in nature. MADA based approaches are quantitative in nature; however, fail to evaluate impact such an adoption will have on an organization and do not incorporate business or organizational aspects in the decision. They also do not consider the influence of one attribute over another. In addition, they do not establish a trade-off strategy, where conflicting factors are involved. A trade-off strategy refers to the CLOSER 2016 -6th International Conference on Cloud Computing and Services Science technique of reducing or forgoing one or more desirable parameter in exchange of increasing or obtaining other desirable outcomes in order to maximize the total return.
As shown in Table 1 , gap still exists in research efforts in terms of not only developing a trade-offsbased methodology for decision making while adopting CC, but also in automating it. The comparison of related work to the work done in this paper is based on four key features; " √ " describing the presence and "×" denoting the lack of that feature. This paper, therefore, fills this gap by (a) automating trade-off based quantified methodology, and (b) studying its applicability for the use-cases for the domain of CC, which model all the relevant factors and their interrelations.
RESEARCH METHODOLOGY AND ARCHITECTURE OF THE SYSTEM
As shown in Figure 1 , the methodology followed to establish trade-offs-based decision of selecting the best alternative is based on algorithms of MADAThe Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and Analytic Network Process (ANP). Both of these algorithms require multiple alternatives and criteria as inputs. TOPSIS is used to rank the alternatives from the technical perspective. ANP is used to rank the same alternatives from economical and business perspective. The relevant criteria from the domain of CC, has already been identified in (Garg and Stiller, 2015) . The user can either select the relevant criteria from this list, or en- ter their own requirements. The details of these algorithms and their implementations are described in the following sections. Furthermore, the architecture and the database model of the system developed is also being discussed below.
TOPSIS
TOPSIS is based on the concept that the optimal solution is the one, which has geometrically the shortest distance from the best possible solution and the longest distance from the worst possible solution (Ishizaka and Nemery, 2013) . Code snippet 1, expects three inputs:
• a NxM matrix of the values with N criteria as columns and M alternatives as rows.
• weights, N priority values in order to prioritize the criteria.
• has positiv effect, N true or false values, depending on the positive or negative impact of the criteria on the decision.
As shown in Listing 1, the first step is to normalize the NxM matrix and weights in order to gain homogeneous values, which can be mutually compared (Line 4). From the normalized and weighted matrix the minimum and maximum values are taken for each criteria for later use (Line 7, 8). After that the best possible solution is computed by taking the maximum value if the criteria has a positive effect on the result or the minimum value if it has a negative impact on the result (Line 11). The worst possible solution is constructed by taking the minimum value if the impact is positive and the maximum value if the impact is negative (Line 12).The next step is to compute the distance of the matrix to the ideal as well as the anti-ideal solution. This is done by computing the Euclidean distance (Line 15, 16). Finally the relative closeness is computed. Ranking of alternatives is based on the relative closeness of alternatives to the ideal solution. Higher the value, higher is the ranking of the alternative (Line 19).
The complexity of the TOPSIS algorithm, with respect to implementation shown above is O(M * N 2 ) where M is the number of alternatives and N the number of criteria.
ANP
ANP is generalization of the Analytic Hierarchy Process (AHP) (Ishizaka and Nemery, 2013) , and is a method where dependencies can be modeled between any of the elements. The alternatives and criteria are modeled as clusters (comprising of 1 or more nodes), and are connected as a network. Each connection symbolizes the interdependency between the 2 connected nodes or clusters. On one hand it results in modeling of more accurate models, but on other hand it increases the complexity of the required inputa.
In ANP the super matrix has to be constructed first. As shown in Listing 2, we get the values of the super matrix, which where previously computed by the eigenvectors of all the possible pairwise comparison matrices. A pairwise comparison matrix, is a matrix where criteria or alternatives are compared with respect to every other element in the network(see use cases for an example). This comparison of criteria or alternatives is dependent on the set interrelations. In order to compute the result of ANP the expected input is the super matrix as well as the number of alternatives. A further constraint is that the alternatives are always the last n elements of the super matrix, where n is the number of alternatives . The result is then constructed by computing the limit matrix, and transforming it into an array, which gives the ranking of each alternative. In order to compute the limit matrix, the super matrix has to be raised to high odd powers until it converges. It can be shown that the limit exists if the matrix is column stochastic (Saaty and Vargas, 2006 As shown in code snippet 3, the computation of limit matrix is an iterative process where the matrix is raised by the power of 3 and then again normalized in order to keep the matrix column stochastic (Line 7). Then the result is checked if it is equal up to the 8th decimal precision with the previous result (Line 12). If so the process is ended. Usually this takes around 3 iterations to find a result. The number of iterations depends on the limit of the super matrix (the power at which the matrix converges), and therefore on the values in the super matrix, which consist of the global cluster comparison, the criteria comparison of the cluster, and the criteria value.
The reason for raising the super matrix by the power of 3 is that odd numbers have the advantage of preserving the structure of the matrix (in matrix multiplication, depending on where a zero is the other values might switch places with the zeros). When the limit is found, the values for the whole row are the same. The advantage, however, is that if is raised by an odd number the first column will certainly have non-zero values.These values denote the ranking of the alternatives. Another advantage is that by consecutively raising the matrix by 3 in the end the matrix will be raised by 3x, where x is the number of iterations. Higher the value of x lesser iterations will be needed. The value of 3 is chosen so as to maintain a balance between the rising complexity of the computation with higher values of x, and the number of iterations needed to compute the limit matrix. The complexity of the algorithm is O(n 3 x ) , where x is the number of iterations and n the dimension of the super matrix.
Trade-off based Decision
Once the ranking of alternatives is obtained by using TOPSIS (from technical perspective) and ANP (from business-economical and organizational-perspective), a trade-offs-based strategy is required if the ranking is different. TrAdeCIS therefore, as shown in Figure  1 , compares the ranking and gives the option to the decision maker to select the best technical solution at a trade-off of business value. Trade-offs are achieved by altering the priorities of the criteria. There are essentially three possible dimensions at which priorities can be adjusted in ANP. (1) At the global cluster level, prioritizing an entire cluster compared to others. The alternatives cluster can also be compared as an exception to other clusters if needed. (2) At the cluster level, comparing the importance of criteria in a cluster. (3) At the criteria level, changing the values of the comparison matrix.
Architecture
The architecture of the system follows the community standards with Django projects. Django is fullstack web framework for Python. In Django coherent logic is bundled in a so-called "app". TrAdeCIS is built with two apps: (1) "mcda", for storing, computing and visualizing TOPSIS and ANP, and (2) "account", to manage the different access levels which TrAdeCIS provides. The app "mcda" consists of three database models namely, Decision, TOPSIS and ANP (cf. Figure 2) . Decision model denotes one use-case, which consists of a name, optional description and the data for TOPSIS and ANP, which are stored in their respective tables. 
TESTING AND EVALUATION
The methodology of TrAdeCIS as explained in previous section has been implemented to provide an automated decision support system for adopting cloudbased services. Therefore, this section tests the developed system with the objective of evaluating its applicability and usability with various use-cases of making such decisions. The performance values of alternatives per criteria are obtained from (Cloud Harmony Inc., 2015), which is platform to measure and monitor performance of cloud-based services. Finally, scalability of the system with respect to number of alternatives and criteria is evaluated.
Use Case 1-Decision of Adopting IaaS
The first use case is an example of adopting IaaS with the alternatives under consideration as shown in Table 2. Figure 8 is constructed. Here the compared criteria have no interrelations between each other. Location denotes the number of places where a server exists. Monthly cost is the total cost associated for each month for owing the service. Transfer out is the cost which arise per GB of outbound Internet traffic. Therefore, the pairwise comparison matrix for, location as shown in Table 4 , as well as for monthly cost as shown in Table 5 , and for transfer out as shown in Table 6 are entered with respect to their interrelation to the alternatives. Table 7 shows the resulting super matrix that is computed from the eigenvectors of the comparison matrix. Finally the resulting limit matrix is obtained by applying code snippet 3, which results in Table 8 . Since the result of both algorithms was Rackspace no further step for calculating a trade-off is necessary. 
Use Case 2 Decision of Adopting PaaS
For second use-case the scenario of adopting PaaS is evaluated, with alternative providers and criteria as shown in Table 3 . For TOPSIS the criteria of Runtimes signifies the number of supported programming languages. Services are the additional services that are supported (for example databases), and add-ons are additional other programs which can be used with the service. Also, uptime of the service in the past 30 days for all the providers is included for evaluation. In this scenario all these criteria have a positive impact and are weighted equally. The result of TOPSIS as computed with code snippet 1 is Heroku. For ranking the alternatives from the business perspective the model in Figure 4 for ANP is constructed. In this case there is a self-loop on the cost cluster, which allows to give relative priority to each criteria in a cluster. Here the criteria of integration cost is considered 2 times more important than that of performance cost. For this scenario, the resulting super matrix is shown and not every pairwise comparison matrix. Again by applying code snippet 3 the limit matrix is found, shown in Table 10 , which ranks dotCloud the highest.
However, now the results of TOPSIS and ANP do not match and therefore a tradeoff is necessary. Since TrAdeCIS allows to select the best technical alternative at a trade-off of business values, priority of criteria are altered in the ANP model. By adjusting the importance of criteria of integration cost to be 4 times higher than that of performance cost in the cost cluster, both algorithms give the same result Heroku.
Use Case 3 Decision of Adopting IaaS
For the third use-case, even though the decision is still regarding IaaS, it entails higher complexity owing to higher number of interrelations between the factors. For TOPSIS the criteria are shown in Table 11 and the weights are equal and all criteria have a positive impact on the decision. For ANP the model is shown Figure 5 . Here, the clusters have different priorities. Cost is three times more important than migration time, carbon footprint, and legal and regulative compliance. Also, number of places where severs are placed, is four times more important than migration time and carbon footprint. Hence making the cluster of Cost being prioritized the highest. The resulting super matrix is shown in Table 12 . The resulting limit matrix which is obtain by applying code snippet 3 is shown in Table 13 .
Decision Support System for Adoption of Cloud-based Services 77 Because the results of TOPSIS (Microsoft Azure) and ANP (CloudSigma) do not match, a trade-off is now suggested by the system. By changing/ tradingoff the priority values in the cluster matrix-prioritizing location 3 times higher than cost-the result of ANP is now Microsoft Azure as well. Therefore, in TrAdeCIS trade-offs are calculated by altering the priorities of the criteria in the ANP model. These alteration are based on the compromise in priorities of criteria a decision maker is willing to make.
Performance Testing
This section analyses the performance of TrAdeCIS with respect to how long certain tasks need to execute or to load. While TOPSIS scales well even with growing number of alternatives and criteria, ANP does not. The highly complex model of ANP, and its corresponding input value does limit the size at which it is user friendly to work with. The Table 14 shows an overview of the performance of the ANP model with growing number of nodes. The load up time shows the time taken for initial rendering depending on the number of nodes. The selection matrix generation shows how long the generation of the pairwise comparison matrix takes. From Table 14 it can be deduced that the number of nodes in the model should not grow over 75, otherwise the user would have to wait for very high interval of time. It is important to note that the generation time for comparison matrix is not dependent on the total number of nodes in the model, but on the number of nodes that have to be compared based on a specific interrelation.
In addition, the decision support system has an overview page, where the results of both TOPSIS and ANP are visualized, and the user can make any alterations to the existing decision in the database. Therefore, it is important to measure the loading and processing time for this page. The load time for 10 nodes and 50 nodes in ANP is shown in Figure 6 and Figure 7 respectively. The overall load up time of the overview page is around 1.5 seconds and 3 seconds depending on the complexity of the model and the number of the nodes. Therefore, based on these val- 
APPLICABILTY OF TrAdeCIS IN OTHER DOMAINS
TrAdeCIS was primarily developed to support organizations in the adoption of cloud-based services. How- ever, organizations may also utilize TrADeCIS to improve their understanding and adoption decisions of other technologies than that of cloud-based services. This is illustrated by applying TrAdeCIS to Train Operating Companies (TOC) who need to make a decision of choosing the best technology when they research the possibility to improve both voice-and data coverage on-board trains. This decision takes the perspective of the TOC who is hoping to sell more tickets by providing connectivity on-board trains. For the train-to-wayside connection, it is assumed that all onboard solutions use the same system: connection to mobile base stations (3G or beyond). The following alternatives are evaluated (cf . Table 15 ) to be installed on-board train:
• Option 1: Wireless Access Point (WAP)
• Option 2: Analogue repeater
• Option 3: Femtocells The technical requirements from these alternatives and their relative priorities are as follows: • Internet should be available to all passengers with a mobile device (Priority 1)
• Quality of voice calls should be improved for all passengers with a phone (Priority 2)
• Internet speed should be as high as possible (Priority 3) Therefore, after applying TOPSIS to these technical requirements, installation of WAPs is ranked the highest.
From the financial/economic requirements perspective, ANP is used to model it as shown in 8. The factor of Net Present Value, which should be positive as soon as possible, is of highest priority. However, it is broken into sub-factors as that of low deployment time, high revenue, low capital expenditure, and low operational expenditure. In addition, all these factors contribute differently to the factor of Net Present Value. This is represented with a self-loop and the respective weightage or priorities of these factors are entered in the corresponding comparison matrix. Also in terms of the organizational requirements, the TOC prefers to avoid the use of licensed spectrum (medium importance). The resulting super matrix, which is constructed from all the comparison matrices, is shown in Table  16 . The highest ranked alternative from ANP is also WAPs, as shown in limit matrix (cf . Table 17 ). Therefore, as the ranking obtained from both TOPSIS and ANP is the same, for the scenario of providing internet and voice call connectivity on-board train, WAP is the best alternative. 
SUMMARY, CONCLUSIONS, AND FUTURE WORK
This paper has designed, developed, and evaluated the decision support system to automate the methodology of TrADeCIS that facilitates the decision of adopting cloud-based services in an organization. TrAdeCIS makes a trade-offs based quantified decision of selecting the best alternative as per the requirements of the organization using integrated MADAs of TOPSIS and ANP. Appropriate use-case (involving train operating companies) validated the applicability of TrADeCIS in a decision process of adopting a different technology besides that of cloud-based services. TrAdeCIS is the first methodology that supports an automated and quantified trade-offs based decision for selecting the best Cloud-based service, with the consideration of all interrelations of relevant factors. These factors can have different measurement units, or can be qualitative. As the selected algorithms normalize input values and allow entering relative ranking (required for qualitative factors), this methodology is applicable to decisions involving potentially any technology. The only requirements for this methodology to be applicable is that the decision must involve multiple alternative solutions that are to be evaluated on multiple criteria. For the future improvement in the developed system, following major tasks will be considered:
• Consistency checks for ANP: Currently the input in the pairwise comparison matrix are not checked in terms of the are consistent, e.g., if A is bigger than B, and C is bigger than B, logically C would also be bigger than A. Therefore an error message could be shown which informs the user about such inconsistency.
• Tradeoff suggestions: The improvement will provide suggestions in terms of minimum required changes in priorities to match the results of TOP-SIS and ANP. This will considerably reduce the effort required from the side of the user.
